Abstract: The karyotype of Luzuriaga radicans R. & P. was quantitatively studied, assessing characters such as chromosome morphology and size, satellite location, asymmetry level and bimodality. L. radicans has an asymmetric and bimodal karyotype 2n = 20 with three metacentric pairs, followed by six submetacentric and one subtelocentric chromosome pair. One satellite was observed in the short arm of chromosome pair 6. The total haploid set length was 48.7 µm and the mean chromosome size was 4.87 ± 2.35 µm. Comparing L. radicans with other two species of the genus a high resemblance among their karyotypes was found.
Introduction
The study of karyotype morphology among related species is a fundamental aspect to understand the process of genetic variation, genome evolution and speciation, and the taxonomic circumscriptions as has been widely described in different plant families (Stebbins 1971; Levin 2002) . Within the order Liliales, extensive reviews have discussed the process on chromosome evolution for the diverse family Liliaceae (Sato 1943; Tamura 1995) . In addition to those studies, correlations among quantitative karyotype characters (e.g., base number, ploidy, haploid set length, asymmetry level) and genome size have been focused to interpret evolutionary trends by superimposing onto phylogenetic reconstructions available for Liliaceae. The most robust interpretations were made so far within the order Liliales (Peruzzi et al. 2009 ). However, due to scarce karyological information available for other small families within Liliales, little has been discussed on chromosome evolution, especially for those Gondwanean representants that inhabit South America.
Luzuriaga (Rodriguez & Marticorena 1987; Arroyo & Leuenberger 1988a , 1988b Arroyo-Leuenberger 2001) and recently a natural hybrid between L. radicans and L. polyphylla has been described using chemical analysis as an additional diagnostic tool (Teillier et al. 2008) . In contrast, karyological data for Luzuriaga are scarce and thenceforth little used in systematic studies. Previous chromosome counts for the Luzuriaga genus described a conservative diploid number 2n = 20 for their four species (Beuzenberg & Hair 1963; Moore 1967; Jara-Seguel & Zúñiga 2005) , but quantitative karyotype descriptions have not been made and only a qualitative Idiogram showing a decreasing chromosome order was previously reported for L. parviflora (Beuzenberg & Hair 1963) .
Within the South American Luzuriaga species, L. radicans shows the most extensive geographic distribution with a latitudinal range from 34 • S to 46
• S in Chile and part of Southern Argentina (Rodríguez & Marticorena 1987) . This species is a semi-herbaceous vine which is spread through the growth of rhizomes and dispersal of fruits and seeds being abundant in temperate rain forests (Rodríguez & Marticorena 1987; Arroyo & Leuenberger 1988a,b) .
The present work describes the karyotype morphology of L. radicans for the first time and establishes its cytogenetic relationship with species of this genus previously reported by other authors. The voucher specimens were deposited at the UCT herbarium (Universidad Católica de Temuco, Chile). The species was identified according to a taxonomic key documented by Rodríguez & Marticorena (1987) . In the laboratory, plants were kept with their rhizomes submerged in water, with constant aeration, to favor active growth of adventitious roots. After five days, 5 mm-long root tips were excised from the rhizomes. The root tips were pre-treated with 0.05% aqueous solution of colchicine at 4
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Plants
• C for 3 h, fixed in ethanolglacial acetic acid (3:1) at 4
• C for 24 h, and stored in ethanol 70% at 4
• C until chromosome processing was done. The root tips were stained with the Feulgen reaction (hydrolyzed for 7 min in HCl 1N at 60
• C, stained with Schiff reagent for 60 min and washed in sulfurous water) (Navarrete et al. 1983 ) and slides were made by squashing root meristems. In microphotographs of ten metaphase plates (from ten examined plants), the short arms (SA) and long arms (LA) were measured and the total relative length of each chromosome pair (expressed as percentage of the total haploid set length) was calculated. The relative arm lengths of each chromosome pair of L. radicans (means and confidence intervals) were plotted in a Karyo-idiogram according to Spotorno (1985) which assigns the chromosome shape on the basis of the centromeric index proposed by Levan et al. (1964) (ratio short arm/total chromosome length). The CVcl and CVci parameters proposed by Paszko (2006) were estimated and correlated for the karyotype of L. radicans, where CVcl correspond to coefficientes of variation of the chromosome length and CVci correspond to coefficients of variation of the centromeric index. Measurements were made for the short arms and long arms of the ten chromosome pairs of L. parviflora based on a metaphase and Idiogram documented by Beuzenberg & Hair (1963) and on a metaphase of L. marginata reported by Moore (1967) . These data were included in the quantitative analysis as inter-specific comparison. The total haploid set length (in µm) and mean chromosome size (in µm) were additional characters determined for the karyotype of L. radicans.
Results and discussion
The Feulgen stained karyotype of L. radicans is shown in Fig. 1 , and chromosome measures are presented in Table 1 . L. radicans has a karyotype with three metacentric pairs, followed by six submetacentric and one subtelocentric chromosome pair. The total haploid set length was 48.7 µm and the mean chromosome size was 4.87 ± 2.35 µm. The CVcl and CVci values of L. radicans are shown in Table 2 .
The karyotype resemblance between L. radicans and their sister species L. parviflora and L. marginata, included as comparison, can be observed in the Karyoidiogram (Fig. 2) . It is observed that the pairs 1, 2, 3, 4, 7 and 10 of L. radicans and L. parviflora showed a reasonable grade of superimposition. The same situation can be observed between the pairs 2, 3, 6, 7 and 8 of L. radicans and L. marginata. In both cases the close resemblances are reason to consider them similar in morphology (Spotorno 1985) . Due to the slight decrease in length and often similar values of arm ratio the images representing the chromosomes in the karyo -idiogram are placed so close together, supporting the idea of chromosome similarity. In addition, in the three species it is also observed that all chromosomes of the karyotype keep their respective total relative lengths, but the centromere positions have changed in some pairs. Such chromosome modifications could imply that during evolution or differentiation of these karyotypes, pericentric inversions could have occurred (Spotorno 1985) . Nevertheless, the low number of metaphases for calculation of chromosome characteristics of L. parviflora and L. marginata (mean arm lengths and confidence intervals) is not suitable to support chromosome change interpretations. As additional analysis, the correlation between CVcl and CVci parameters showed that the karyotype of L. radicans and L. parviflora have the same level of variation in chromosome length (CVcl close to 48) but the centromeric index was different among both species (CVci of 28.9 and 36.4, respectively). In the case of L. marginata, although it conserves similar values of centromeric index variation (CVci = 33.2) regarding the other two species, it was different due to the high heterogeneity in chromosome lengths within the karyotype (CVcl = 54.4) (Fig. 3) . However, despite those variations among the species, the conservative asymmetry of the karyotype within the genus is remarkable.
Other karyotype characters frequently observed in species of some Lililaes genera is the bimodality of the karyotyopes (Sanso 2002 , Jara-Seguel & Zúñiga 2004 , Peruzzi et al. 2009 ). This karyotype character was also observed here for Luzuriaga species. The karyotype of L. radicans was higly bimodal, where the large relative length of chromosome pair 1 was about 3.4 times longer than chromosome 10. Such karyotype bimodality, quantitatively determined here for L. radicans, was also found for L. parviflora and L. marginata, where all species showed a striking large pair 1 with relative lengths that exceed 20%, whereas the other chromo- some pairs do not exceed 15% in total relative lengths (see Fig. 2 , Table 1 ). Satellite localization was another karyotype character analyzed here for Luzuriaga. L. radicans pre-sented one satellite in the chromosome 6, whereas for L. parviflora a satellite in the chromosome 10 was observed in the Idiogram documented by Beuzenberg & Hair (1963) . In both species the satellites and secondary constrictions are present on the short arms of submetacentric chromosomes. Secondary constrictions and satellites have not been described in chromosomes of L. marginata (Moore 1967) .
The karyological data so far available for Luzuriaga show constancy in chromosome numbers for their four species (Beuzenberg & Hair 1963; Moore 1967; JaraSeguel & Zúñiga 2005) . These data are additional to the presence of asymmetric and bimodal karyotypes, and to the resemblances in karyotype morphology according to the one described in the present work for the intercontinental species L radians, L. parviflora and L. marginata. In the future, additional research using conventional and/or molecular cytogenetic techniques, previously performed for the genera belonging to the closely related family Alstroemeriaceae (Buitendijk et al. 1997; Zhou et al. 2003; Kamstra et al. 2004; PalmaRojas et al. 2007) should be done including all intercontinental taxa of Luzuriaga and their probable hybrids, which may deliver interesting insights on chromosome evolution within this Gondwanean genus.
